Abstract: Compliance in largely central arteries of patients with peripheral vascular disease (PVD) has been reported to be reduced. However, the arterial tree is an inhomogeneous system, and there remains uncertainty about whether the peripheral arteries (e.g. the medium-sized muscular radial artery) undergo a similar change to the central arteries. The aim of this study was to investigate the radial artery elasticity in 19 patients with PVD compared with 18 normal subjects of comparable age and sex. Using a noninvasive high-resolution echo-tracking device coupled to a photoplethysmograph (Finapres system) allowing simultaneous arterial diameter and finger blood pressure monitoring, we measured the radial artery compliance by determining the diameter-pressure, compliance-pressure and distensibility-pressure curves. The results showed that the diameter of the radial artery was similar in the two groups, but that the compliance and distensibility were not further reduced in patients with PVD than in the normal controls at 100 mmHg and for a common blood pressure range. The present studies demonstrate that in patients with PVD the radial arterial compliance is not reduced, which indicates that the change in arterial elasticity is not identical. The potential mechanisms involved in this change in radial artery compliance are discussed.
Introduction
Compliance is an important property of the arterial system. It is one measure of the physical function of the wall of the vasculature. Arterial compliance was found to be abnormal in several vascular diseases.':" Previous studies"? demonstrated that, in patients with peripheral vascular disease (PVD), largely central artery compliance was reduced. However, the arterial tree is not a homogeneous system. Major differences exist in the structure and the function of various arteries.v" It is not clear whether, in patients with PVD, a decrease in central artery compliance is also accompanied by a similar change in the peripheral arteries.
The recent development of a noninvasive, high-resolution, echo-tracking device provides an approach for detecting the compliance of the radial artery, a mediumsized muscular vessel. 14.1~By using an ultrasound probe and a photoplethysmograph to measure the arterial diameter and pressure simultaneously, it is possible to relate the arterial diameter change to a given change in pressure and then calculate arterial cross-sectional compliance, as previously described.I's'? No data are available about the change in radial arterial compliance in patients with PVD. Therefore, the present study was performed to investigate the radial artery compliance of patients with PVD compared with normal subjects of the comparable age and sex. no evidence of diabetes mellitus, hypertension or other cardiovascular abnormalities. The ankle-arm pressure ratio with the Doppler method'S'? was constantly greater than 1.0 (range 1.14-1.33), excluding the peripheral arterial disease.
The diagnosis for the patients with PVD was based on a thorough clinical examination, including the determination of ankle and arm systolic pressures. The ankle-arm pressure ratio was constantly lower than 0.81 (range 0.8-0.57), confirming the presence of PVD. None of the 19 patients had clinical symptoms and signs of hypertension, heart failure, coronary insufficiency or neurological disease.
No patients and control subjects had taken any drugs for at least 2 weeks before starting this study. The clinical characteristics of both groups are presented Table 1 . This study was approved by the institutional ethics committee.
Measurement of radial artery compliance
The compliance of an artery is defined as an increase in volume for a given pressure increase. Since this change in arterial volume is mainly due to the change in arterial crosssectional area, compliance can also be defined as the change in arterial cross-sectional area.14.1~In the present study an A-mode ultrasonic echo-tracking device (NIUS02; SMH, Bienne, Switzerland), which is linked to a commercially available photoplethysmograph (Finapres, Ohmeda, Zug, Switzerland) allowing simultaneous arterial pressure always performed at the same time by a single operator. Briefly, the probe was placed perpendicularly over the radial artery axis in its largest cross-sectional dimension, 2 em above the major skin fold of the wrist. After a switch to A mode, the backscattered echoes from the inner anterior and posterior walls were visualized on an oscilloscope, and the related high-radio-frequency signals were picked up by an electronic tracer directed to a computer acquisition system that was automatically programmed to analyse these signals. Each patient was recorded for 10 min, and the average of three 5 s recordings of radial artery diameter and blood pressure taken at 3 min intervals was used. All the readings were obtained on the right side, similar to Hayoz et al," with the arm extended and fixed comfortably on a splint.
A gel was applied between the extremity of the probe and the skin surface. Caution was used not to exert any pressure on the skin. Blood pressure was measured continuously throughout the study using a servoplethysmomanometer connected to the NIUS02. This apparatus was fitted to the right middle finger. Figure 1 shows the original recording of a simultaneous arterial diameter and finger pressure. which is based on the following formula:
where P is the arterial internal pressure, and 0., 13 and "I are three optimal parameters describing the spatial position of the diameter-pressure curve. From this formula, local arterial cross-sectional compliance can be calculated as follows:" Because of the nonlinearity of the cross-section pressure curve, compliance reduces as blood pressure increases. Therefore, we established the compliance-pressure over the common blood pressure range. Using equation I, the local arterial cross-sectional compliance can be calculated as follows:
and expressed as millimeters squared per millimeter of mercury fo! blood pressure from the diastolic to systolic range (comphance-pressure curve). The arterial cross-sectional distensibility is the inverse of the Peterson elastic modulus. 20 It is calculated by D = l/LCSA x aLCSAlliP over the blood pressure range from diastole to systole (distensibility-pressure curve).
The investigation was performed in a controlled environment kept at 23°C after the participants had resting for at least 15 min in a supine position. The measurement was (0) .,.. Table I shows the clinical characteristics of the patients with PVD and the normal subjects. Age, sex, body mass index, diastolic blood pressure, mean arterial pressure, heart rate and blood lipids were comparable in the two groups; the ratio of the ankle and arm systolic blood pressure was significantly lower; systolic blood pressure and pulse pressure were higher in the patients with PVD compared with the controls. Figure 2 shows (a) a small progressive increase in radial artery diameter, (b) a marked progressive reduction in radial artery compliance and (c) distensibility in both PVD patients and normal subjects as blood pressure increased from diastolic to systolic pressure values. Over a similar blood pressure range, radial artery diameters were similar in the two groups, but compliance and distensibility were not further reduced in patients with PVD than in normal subjects. Table 2 shows the alterations in radial artery parameters at an isobaric pressure of 100 mmHg
Results

Discu.sion
The major findings of the present study are that the diameter of the radial artery is similar in the two groups, and that compliance and distensibility of the radial artery are not reduced any more in patients with PVD than in the normal subjects.' Our present findings of radial artery compliance measurement of the patients with PVD were contrary to previous studies of the central artery compliance,3-6 which demonstrated a reduction. The data reported here did not permit us to clarify the mechanism behind this phenomenon; however, several possibilities can be discussed.
First, one possible explanation for the discrepancy between the present observation and those previously reported in the literature may be related to the different histological structure of arteries examined. The radial artery is muscular in nature and the media is composed of smooth muscle cells. 2O It has been reported that arterial compliance is determined by different component ratios between distensible (elastin and smooth muscle) and nondistensible (collagen) materials. 9 .22 Therefore, the feature of the structure and function of the radial artery as a whole may underlie its compliance behavior distinct from proximally central arteries.
Secondly, increased radial artery wall thickness might be implicated in the alteration in radial artery compliance. In the present studies, although mean arterial pressure and diastolic blood pressure were similar in the two groups, systolic blood pressures were slightly higher but within normal range, as was the increase in pulse pressure. in PVD patients than in normal controls, which is consistent with previous reports. 6 .23.%4 It has been demonstrated that the increase in pulse pressure leads to enhanced wall hypertrophy in humans as well as in animals,25-29 and is independent of systolic blood pressure and mean arterial pressure; reduction in pulse pressure prevents the occurrence of wall hypertrophy." Therefore, it can be speculated that in patients with PVD the adaptation of the vasculature to the increased intravascular pulse pressure probably includes not only an increased thickness of the vascular wall, but also Table2 Parameters of the radial artery at 100 mmHg Values are mean ± sd; **p < 0.01 vs controls.
a reduction in the elastic modulus of the wall materials, which may explain the findings of the present studies. This is evidenced by several recent studies21.3o.31 that radial artery compliance was not reduced in hypertensives, despite increased wall thickness. More recently Baumbach'? demonstrated that, in Sprague-Dawley rats, hypertrophy in cerebral arterioles induced by increased pulse pressure is associated with enhanced arterial distensibility. Our present studies, taken together with previous observations, strongly indicate that hypertrophy of the arterial wall is, at least in the radial artery, not necessarily accompanied by reduced arterial elasticity, a mechanism that is compensatory for increased arterial pressure.
Thirdly, an increase in radial artery compliance could be partly compensatory for the decrease in largely central artery compliance. Large arteries act as a reservoir storing blood during cardiac ejection and releasing it during diastole, enabling the pulsatile cardiac output to be converted to a steady flow in the capillaries, Patel et aP3 reported that extensibility of the systemic arteries decreased from the ascending aorta to the iliac or femoral artery and increased again in peripheral arteries (e.g. the forearm artery) giving rise to a U-shaped pattern. Therefore, when decreased central artery compliance was present, an increase in peripheral arterial compliance can diminish the compliance gradient between central and peripheral arterial sites, participating in the cardiovascular hemodynamic homeostatic control.
Finally, it should be emphasized that the present findings are subject to the following limitations. First, we implied that the increased thickness with a reduced elastic modulus of the radial artery involves compliance alteration in patients with PVD, but there was lack of direct data correlated to the arterial compliance. Secondly, blood pressure was measured at the site of the finger and not the radial artery, thus leading to potential errors due to different pressure curves at these sites; generally, however, these errors should be similar in the two groups and hence should not.affect the comparative data. Moreover, previous observations have demonstrated that this finger blood pressure measurement can provide accurate arterial blood pressure values compared with intra-arterial measurement."
.In summary, the current study indicates that in patients With~VD. the radial artery compliance is, contrary to the reduction 10 Radial artery compliance in peripheral vascular disease II pletely understood. Further study is under investigation in our laboratory to clarify the relationships between structure and elastic properties of the radial artery wall related to hemodynamic changes.
